A simple and facile green process was used for the synthesis of iron nanoparticles (FeNPs) decorated reduced graphene oxide (rGO) nanocomposite by using Ipomoea pes-tigridis leaf extract as a reducing and stabilizing agent. The as-prepared rGO/FeNPs nanocomposite was characterized by transmission electron microscopy, X-ray spectroscopy and Fourier transform infrared spectroscopy. The nanocomposite was further modified on the glassy carbon electrode and used for non-enzymatic sensing of hydrogen peroxide (H2O2). Cyclic voltammetry results reveal that rGO/FeNPs nanocomposite has excellent electro-reduction behavior to H2O2 when compared to the response of FeNPs and rGO modified electrodes. Furthermore, the nanocomposite modified electrode shows 9 and 6 folds enhanced reduction current response to H2O2 than that of rGO and FeNPs modified electrodes. Amperometric method was further used to quantify the H2O2 using rGO/FeNPs nanocomposite, and the response of was linear over the concentration ranging from 0.1 µM to 2.15 mM. The detection limit and sensitivity of the sensor were estimated as 0.056 µM and 0.2085 µAµM -1 cm -2 , respectively. The fabricated sensor also utilized for detection of H2O2 in the presence of potentially active interfering species, and found high selectivity towards H2O2.
Natural graphite powder (<20 μm, synthetic), sodium nitrate, potassium permanganate and ferric chloride were purchased from Sigma-Aldrich, India. Hydrogen peroxide (30%) was obtained from Sigma-Aldrich, Taiwan, and used as received. Ipomoea pes-tigridis leaf (IPT) was collected from the local area in Madurai, Tamil Nadu. All aqueous solutions used in this work were prepared by deionized water. pH 7.0 (PBS) was used as the supporting electrolyte for all experiments and prepared by using 0.05 mol L -1 Na2HPO4 and NaH2PO4 solutions in doubly distilled water. The pH was adjusted using diluted NaOH and H2SO4.
The morphological studies of the as-synthesized materials were characterized by FEI Tecnai G2 20 S-TWIN transmission electron microscopy with an accelerating voltage of 200 kV. The crystallographic nature of the materials was studied by a powder X-ray diffraction (XRD) from Panalytical X' per PRO X-ray diffractometer equipped with Cu Kα radiation (λ = 0.15406 nm).
Fourier transform infrared spectroscopy (FTIR) was performed by a Shimadzu model FT-IR spectrometer. Electrochemical measurements were carried out by CHI 1205A electrochemical analyzer from CH Instruments. Typical three electrode configuration was used for electrochemical studies where glassy carbon electrode (GCE) with a geometric surface area of 0.079 cm 2 as a working electrode and a saturated Ag/AgCl and Pt wire used as a reference and counter electrodes respectively. Rotating ring disc electrode (RDE) with a geometric area about 0.24 cm 2 was used for amperometric measurements and was performed by PRDE-3A (AS distributed by BAS Inc. Japan). All electrochemical measurements were carried out at a room temperature under N2 atmosphere.
Synthesis of rGO/FeNPs composite
To prepare Ipomoea pes-tigridis leaf extract, fresh Ipomoea pes-tigridis leaf was washed and cleaned by double distilled water and cut into small pieces. The aqueous extract of Ipomoea pes-tigridis leaf extract (IPTLE) was prepared by the addition of 1 g of leaf with 100 mL of distilled water at 90 0 C for 15 min, which is similar to our reported procedure for leaf extract preparation.
The obtained leaf extract was filtered and preserved in a refrigerator (10 º C). Graphene oxide was prepared from the natural graphite by previously reported method elsewhere [33] . To prepare rGO/FeNPs nanocomposite, 50 µL of as-prepared GO suspension (1 mg mL -1 ) was added into the 50 mL of 1 mM FeCl3 solution. The mixture was stirred for 10 min to complete the ion exchange reaction. Then, 100 mL of freshly prepared IPTLE was added dropwise into solution with constant stirring up to 10 min. Finally, the yellow solution turns into the black dispersion, which signifies the successful reduction of Fe 3+ to Fe 0 and GO to rGO respectively. The obtained rGO/FeNPs composite was separated by centrifugation and washed with doubly distilled water and dried in a vacuum oven at 50 º C for 24 h. The rGO and FeNPs were prepared by similar aforementioned method without FeCl3 and GO. The rGO/FeNPs nanocomposite dispersion (1 mg mL -1 ) was prepared by using doubly distilled water with aid of sonication about 15 min. The schematic representation for the preparation of rGO/FeNPs nanocomposite using IPTLE is shown in Scheme
1.
To prepare rGO/FeNPs nanocomposite modified electrode, about 6 mL of rGO/FeNPs nanocomposite dispersion (see Fig. 4A inset for optimization studies) was coated on the precleaned GCE and dried at room temperature. The other modified electrodes such as FeNPs and RGO were prepared by drop coating of 8 µL FeNPs and RGO on unmodified GCE and dried in the room temperature. All electrodes were stored under dry condition in room temperature when not in use.
Results and Discussion

Characterizations
The surface morphology and structure of as-prepared nanomaterials were characterized by TEM and representative TEM images are shown in Fig. 1 . The TEM image of FeNPs ( Fig. 1A) show that the uniform and spherical FeNPs with an average diameter about 26 ± 2 nm. On the other hand, the TEM image of rGO ( Fig. 1B) shows a thin sheet like morphology with an association of few layers. The TEM image of rGO/FeNPs (Fig. 1C ) reveal that FeNPs are in irregular shape and decorated uniformly on the surface of rGO nanosheets. In addition, the observed diameter of FeNPs (28 ± 4) in the nanocomposite is consistent with the TEM image of FeNPs. The result indicates the formation of rGO/FeNPs nanocomposite. The EDX spectrum was also performed to investigate elemental distribution of the rGO/FeNPs nanocomposite and its corresponding EDX spectrum is shown in Fig. 1D . The EDX spectrum were confirmed the presence of C, O, K and Fe, which are due to rGO/FeNPs and leaf extract, since the K is an essential element for plant growth. The result supports the presence of FeNPs on rGO surface.
FTIR spectroscopy was used to analyzed the possible biomolecules responsible for the reduction and stabilization of rGO/FeNPs composite. Fig. 2A illustrates the FTIR spectrum of IPTLE and shows the strong adsorption bands at 3450, 1650 and 1042 cm -1 corresponds to the -OH stretching vibration of poly phenols, stretching vibrations of C=O from carbonyl and carboxyl groups and stretching vibration of C-O from ester [40] . In addition, bands at 2901, 2832 and 1440 cm -1 are due to the -NH stretching vibrations of amide, stretching vibrations C=H of aldehydic amine and -CH stretching vibrations of proteins [40] . The result confirmed that IPTLE contains high amount of phenol, aromatic amines, proteins, aldehyde, polyol and methylene groups.
The FTIR spectra of GO, rGO and rGO/FeNPs is shown in Fig. 2B . The FTIR spectrum of GO demonstrate a broad intense band at 3300-3500 cm -1 which is due to the stretching vibration of carboxylic acid group and intercalated water molecules [33] . The characteristic band of C=O groups in carbonyl and carbonyl moieties is observed at 1720 cm -1 [33] . In addition, C-OH band at 1318 cm -1 , epoxy or alkoxy C-O stretches at 1060 cm -1 were also observed. The result confirms the successful oxidation of graphite into GO. The FTIR spectrum of rGO reveal that most of oxygen containing functional groups in GO were successfully removed after the reaction with IPTLE. The bands related to C=O and -OH (3300-3500 cm -1 ) were reduced dramatically and only the band at 1620 cm -1 remains observed [33] . The results confirm the successful reduction of GO to rGO by IPTLE. It is also noted that the observed FTIR spectrum of rGO/FeNPs nanocomposite is similar to the FTIR spectrum of rGO, which indicating the presence of rGO. However, FTIR spectrum of rGO/FeNPs nanocomposite shows a weak band at 600-700 cm -1 is possibly due to the inevitable oxidation of FeNPs when exposure to air [41] . [42] . While, the diffraction peak at 10 º was disappeared in rGO (curve b), which confirm the efficient reduction of GO. It is interesting to note that rGO exhibits a strong diffraction peak at 2θ = 24.3 º and 42.5º, which confirm the presence of few layers rGO [42] . On the other hand, the XRD pattern of FeNPs (curve c) and rGO/FeNPs (curve d) composite shows main reflection peaks at 2 θ = 44.8 and 68.0 º , which are the characteristic peaks of cubic Fe (JCPDS, file No. 06-0696). The average particle size of FeNPs in rGO/FeNPs was calculated using Scherrer's equation. The average particle size of FeNPs was found as 28.4 nm and was more consistent with the TEM results.
Electrocatalytic activity of rGO/FeNPs composite towards reduction of H2O2
The electrocatalytic activity of different modified electrode towards reduction of H2O2 was evaluated using CV. Fig. 4A shows CV response of bare (a), FeNPs (b), rGO (c) and rGO/FeNPs nanocomposite (d) modified electrodes in N2 saturated PBS containing 1 mM H2O2 at a scan rate of 50 mV/s. The potentials were scanned in the range between 0.2 to -0.8 V. The bare electrode did not show any response for the presence of H2O2, which indicates that the unmodified electrode is not suitable for detection of H2O2. The RGO and FeNPs modified electrodes show a sharp reduction peak at -0.607 and 0.51 V for H2O2 at the same potential window. In addition, the observed reduction peak current for H2O2 of both electrodes were found similar. On the other hand, rGO/FeNPs nanocomposite modified electrode shows a well-defined reduction peak current at -0.507 V, and the observed reduction current response was about 3 folds higher than those observed in rGO and FeNPs modified electrodes. Furthermore, rGO/FeNPs nanocomposite modified electrode shows 0.1 V lower reduction potential for H2O2 when compared to rGO modified electrode. The result validates that rGO/FeNPs nanocomposite modified electrode has high electrocatalytic activity towards the reduction of H2O2 than that of other modified electrodes and can be used for quantification of H2O2. As shown in Fig. 4A inset, the best response of rGO/FeNPs nanocomposite modified electrode for H2O2 was observed in 6 µL drop coated composite modified electrode. Hence, it is used as an optimum for further studies.
We have also investigated the electrocatalytic activity of rGO/FeNPs nanocomposite modified electrode in the absence and presence of H2O2 and the results are shown in Fig. 4B . In the absence of H2O2, the composite modified electrode did not show any apparent response in PBS. While, a sharp reduction peak was observed at -0.507 V for the presence of 1 mM H2O2 containing PBS.
The result reveals the typical electro-reduction ability of rGO/FeNPs nanocomposite modified electrode towards H2O2. The FeNPs has played an important role with rGO and result into the enrichment of reduction peak signal of H2O2 than that of individual FeNPs and RGO. Usually, the reduction of H2O2 involving the generation of hydroxyl radicals and superoxide. The generated compounds (hydroxyl radicals and superoxide) can react with FeNPs (Fe III /Fe II ) and result into the reduction of H2O2 to water and oxygen. The enrichment of the reduction peak of H2O2 is possibly from the high conductivity of rGO and high catalytic ability of FeNPs. Fig. 5A shows effect of different scan rate on the CV response of rGO/FeNPs nanocomposite modified electrode for 1 mM H2O2 containing PBS. The scan rates were in the range of 20-180 mV/s (a-i). It can be seen that the reduction peak current response of H2O2 increases with increasing the scan rates from 20 to 180 mV/s. In addition, the cathodic peak was shifted towards negative direction upon increasing the scan rates. As shown in Fig. 5A inset, the cathodic peak current of H2O2 had a linear dependence over the square root of scan rates from 20 to 180 mV/s with the correlation coefficient of 0.9961. The result indicates that the reduction of H2O2 on rGO/FeNPs nanocomposite modified electrode is a typical diffusion controlled electrochemical process [43] . We have also investigated the influence of pH on the electrocatalytic reduction behavior of rGO/FeNPs nanocomposite modified electrode towards H2O2. Fig. 5B displays the effect of pH vs. reduction peak current of 1 mM H2O2 on rGO/FeNPs nanocomposite modified electrode. The experimental conditions are similar to Fig. 5A. Fig. 4B clears that a maximum sensitivity for H2O2 was observed in pH 7, and the sensitivity was decreases when the pH was above or below 7. The pH sensitivity of the rGO/FeNPs nanocomposite modified electrode H2O2 was calculated as 0.1006, 0.2217, 0.3826, 0.4783, 0.3913 and 0.4478 mA/cm for pH 1, 3, 5, 7, 9 and 11, respectively. The electrochemical active surface area (ESCA) of the electrode was 0.23 cm 2 , and calculated using Randles-Sevcik equation. The maximum pH sensitivity of the composite electrode towards H2O2 was observed at pH 7 than other pH, which is due to the high stability of the composite in natural pH than other pH. In addition, pH 7 as an appropriate pH for the composite electrode towards practical applications. Therefore, we chosen pH 7 as an optimum for electrocatalytic measurements.
Amperometric determination of H2O2
An amperometric i-t method was used for the determination of H2O2 using rGO/FeNPs nanocomposite modified RDE. It is well known that amperometric method is an ideal method for non-enzymatic sensors due to its higher sensitivity and fast response. which is due to high surface area and high conductivity of rGO. In addition, the LOD of the composite modified electrode was deduced to sub-micro molar levels (56 nM) when compared to the LOD of FeNPs (1.6 µM). The result clearly indicates that the sensitivity and LOD of the sensor is greatly improved in the rGO/FeNPs nanocomposite, which is resulting from the combined unique properties of rGO and FeNPs. It is also noted that the obtained LOD (0.056 µM) of the sensor is much lower than previously reported non-enzymatic H2O2 sensors, as shown in Table. 1. Furthermore, the linear response range (0.1 µM to 2.15 mM) and applied potential (-0.5 V) of the sensor are more comparable with the recently reported H2O2 sensors [8, [44] [45] [46] [47] [48] . Hence, rGO/FeNPs nanocomposite modified electrode can be used as a sensitive electrode material for quantification of H2O2.
The selectivity of modified electrode is vital for non-enzymatic H2O2 sensors; hence, we have evaluated the selectivity of rGO/FeNPs nanocomposite modified electrode for detection of H2O2 in the presence of potentially active electroactive compounds such as dopamine (DA), uric acid (UA), ascorbic acid (AA), catechol (CT) and glucose. Fig. 7 shows amperometric i-t response of rGO/FeNPs nanocomposite modified RDE for the addition of 1 µM H2O2 (a), and 100 µM addition of DA (b), UA (c), catechol (d), AA (e) and glucose (f) into the constant stirred N2 saturated PBS at a working potential of -0.5 V. The high negative working potential (-0.5 V) is more beneficial for selective sensing of H2O2 [33] . It can be seen that most of the interfering species did not show any apparent amperometric signal on the modified electrode. It is also note that AA shows a tiny amperometric response on the composite modified electrode. However, the observed response of the AA is negligible when compared to the amperometric response of H2O2. The above result proved the high selectivity of rGO/FeNPs nanocomposite towards the detection of H2O2, and it also reveals that the composite modified electrode can be used for selective sensing of H2O2 in complex matrix.
To evaluate the practical ability of the sensor, the rGO/FeNPs nanocomposite modified electrode was used for the detection of H2O2 in human serum, urine and commercial contact lens solution samples. Amperometric i-t method was used for the detection of H2O2 and the experimental conditions are similar as of in Fig. 6 . The standard addition method was used for the containing PBS shows the RSD about 2.6%. The result also validates that the as-developed sensor has appropriate reproducibility and repeatability for detection of H2O2.
Conclusions
In summary, we have developed a sensitive and selective non-enzymatic amperometric H2O2 sensor using the composite of rGO/FeNPs for the first time. The physicochemical results confirmed the successful formation of rGO/FeNPs composite. TEM images showed that the FeNPs Table 1 Comparison of analytical performance of as-prepared non-enzymatic H2O2 sensor (rGO/FeNPs nanocomposite modified electrode) with previously reported non-enzymatic H2O2 sensors. 
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